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In this research we describe effective Hamiltonian theory and apply this theory to the calculation of current- 
current Q12 and QCD penguin Q3...6 decay rates We calculate the decay rates of semileptonic and hadronic of 
charm quark in effective Hamiltonian theory. We investigate the decay rates of D meson decays according 
to Spectator Quark Model(SQM) for the calculation of D meson decays. We obtain the total decay rates 
of semileptonic and hadronic of charm quark in effective Hamiltonian according to colour Favoured (C-F) and 
colour Suppressed (C-S), and then to added amplitude of processes colour Favoured and colour Suppressed 
(F-S) and obtain the decay rates of them. 



1. Effective Hamiltonian 

The Effective Hamiltonian with QCD effects 
(c -> qiqklj) is given by 

6 

H efJ -2 V / 2G F ^d i (/i)Q,:(/i) 

i=l 

The operators Qi(p) can be grouped into two cate- 
gories pU,0:i=l,2-current-current operators;^ = 
VcKMCi(n) denotes the relevant CKM factors that 
are: 



di, 2 = VicVXC 



tk«-a,2 , «3,...,6 



v tc v; k c 3 _ 6 (1) 



We should take the variablePiandPfe,or x and y as, 

(2) 



P = x-^ , P k = y- 



2 ' " 2 

The partial decay rate in the c rest frame is, 

d2 ^Qi,...,Q 2 /dxdy = r 0c (ai/p ;s + a 2 I% a + a 3 I^ s ) (3) 

Here 

ai = \di + d 2 +d 3 + d±\ 2 + 2\di + d A \ 2 + 2\d 2 + d 3 \ 2 
a 2 = \d 5 +d 6 \ 2 + 2\d 5 \ 2 + 2\d 6 \ 2 ) 
a 3 = Re(2>d\ + d 2 + d 3 + Zd^jdt, 
Ips = 6xy.f ab .(l - h abc ),I 2 s = 6xy.f bc .(l + h bca ), 



h xa = [l-(x 2 /(x 2 +a 2 ))]^ 2 ,h yc = [l-(y 2 /(y 2 +c 2 ))^ 2 , 



Oc 



G)M b c /192^ 3 , f ab = 2- x/x 2 + a 2 - xjy 2 + b 2 , 



f bc = 2- x/x 2 + b 2 - y / y 2 +c 2 7 



f ae = 2- xjx 2 + a 2 - xjy 2 + c 2 
, _(f ab ) 2 -(c 2 +x 2 + y 2 ) 
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2. Spectator Model 

In the spectator model Q the spectator quark is 
given a non-zero momentum having in this work a 
Gaussian distribution, represented by a free (but ad- 
justable) parameter, A : 



P(\P S \ 2 ) = (lA 3 / 2 A 3 ) e -«/ A2 > 



(4) 



The total meson decay rate through a particular mode 
is then assumed to be 

r totQ ; = / -^—P(\P s \ 2 )d 3 p s d Pl dp k (5) 
J dpidpk 

equal to the initiating decay rate. We have 



d 2 T _ 2nM ls M k - f El P s d 2 T 



dM is dM kl m c 



Pf dpidpk 



P{\P s \ 2 )dP s dP k 
(6) 



Here 

h xb = [l-{x 2 /{x 2 +b 2 ))] l ' 2 ,h ya = [l-(y 2 /(y 2 +a 2 ))] 1/2 , M 2 = [Pt+P a ).(Pi+P a ) = rr^+m a a +2(EiE B -PiP a cos B ls ) 
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M 2 - = (P k + P-).(P k + P-) = m 2 K + ml+ 



2{E K E--P K P-cos6 kl ) 

The integration range is restricted by | cos 9 k j | < l.We 
call this mode of quark and antiquark combination 
(colour favoured). It is also possible that the spectator 
antiquark combines with the quarks, for which we get 



<PT 2vM ks M { - r Ek P s d 2 T 



dM k8 dM kJ M c 



P 2 dPidP k 



P(\P s \ 2 )dP s dP t 



(7) 



We call this process(C-S) (colour suppressed). Sum- 
ming, the decay rates of B mesons for process(C-F) 
and process(C-S) are: 



(C-F) 



m cu tis pm 



rn m i n is J m 



utkj d 2 T 

— — — — dM is dM k - 
_ dM is dM kl k3 



[■m cutks r-m^ 
J m-i-i, J rr 



(C-F) 



where m r , 
on. 



m minkB Jm 



'til d 2 T 

7U Ji7 dM ks dM t - 
_ dM ks dMf. 13 



(8) 

(m qi + m gs ),m cu u s = M qiqs and so 



3. Effective Hamiltonian Spectator Model 

The differential decay rates for two boson system 
in the spectator quark model for current-current plus 
penguin operators in the Effective Hamiltonian is 
given by, 



d 2 T c 



8 g«gfcJ P 2 

d(q sl /M c )d(q k -/M c ) ~^y^M c A 



= r, 



v /(2m I /M e ) 2 + x 2 f 1 
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(9) 



/•eff /-eff i /- e ff i /- e ff 



where 

The integration region is restricted by the condition 
cos Ois < l,thus 



r eff .eff .eff f 1 * 

Si ' S2 J S3 — 1 

I. o 

where 

/«(*) = ([(mi + m s )/M c ] 2 - (q si /M c ) 



otherwise 

(10) 



(-eff feff j-eff ■ f , f .\^ < -\ 



otherwise 

(ii) 



r eff .eff .eff _ /<■ 
Si ! S2 i S3 — 1 

where 

fsi(z) = ([(mi + m s )/M c ] 2 - (q sl /M c ) 2 + 

(l/M c )y/ml + [pkzfx y/(2mi/M c y + x 2 ) /(/3Axz/M c ) 

Therefore using Eq.(6-ll) the phase space parame- 
ters will be defined by, 



Ci P l = &xy.f ab .(l - habc), Clp/ = 6xy.f bc .(l - h bca ), 



eff _ 



^3ps — ^ x U-fab-hxa-hyc 



(12) 



Now, we can integrate over the two mass cuts (two 
boson systems), and obtain the hadronic decay rates 
as follows, 



Qi.,-.,Q e 



m cu t rm 



mm J mm 



Ql,...,Qe 



d(q si /M c )d(q k - /Mc ) 



dm cut dm cut , 



J min J min \pR ■ 



Hsr%- 3 p 2 A /(2m i /M c ) 2 + x 2 
0FM c A x 2 



dy dzC f J Qz) ze 13 z dm cut dm cut . (13) 
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4. Decay Rates of Processes C-F plus 
C-S (F+S) of Effective Hamiltonian 

Now we want to calculate the decay rates of Effec- 
tive Hamiltonian (Q\, ...,Qs) for F+S at quark-level 
and spectator model. The Effective Hamiltonian for 
F+S, is given by 



ttA+B _ rrb^ikj b^jjk 
n eff - n eff +U eff ■ 



(14) 



whereiJg^' J is defined by Equations mentioned dur- 
ing in the last page, so we can obtain H^J? 3 .The 
decay rates of current-current plus penguin for F+S 
is given by, 

d 2 r^jf/dxdy = r 0c (h P s + hps + hps) (15) 



hps = 6xy.f ab .[a 1 ((3/2) - h abc ) + a 2 - a 3 h xa h yb ], 



hps = -6xy.f ac .[aih acb + a 3 h xa h yc \, 



(1/M C ) sjmj + (J3Az)* x V(2m 4 /M c ) 2 + x 2 /(pAxz/M c ) I 3ps = 6xy.f bc .[(a 1 /2)h bc a + a 2 (h xb hy C - h bca )]. (16) 
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5. Numerical Results 

We use the standard Particle Data Group [5j pa- 
rameterization of the CKM matrix. Following Ali 
and Greub we treat internal quark masses in tree- 
level loops with the values (GeV)m;, = 4.88, m s = 
0.2, rad = 0.01, m u = 0.005, ?77 c = 1.5, m e = 
0.0005, 777 M = 0.1,777 T = 1.777and m Ve — m v ^ = 
m„ T — 0. Following G.Buccella Q we choose the ef- 
fective Wilson coefficients ior the various c — ► q 
transitions. We have used in Spectator Quark Model 
the valueA = 0.6Ge^Q .For the maximum mass of 
the quark-antiquark systems (m cu t)we take a value 
midway between the lowest massl _ state and the next 
most massive meson. The decay rates of c quark for 
Effective Hamiltonian and Effective Hamiltonian of 
F+S shown in the Table. 1. Also the decay rates of 
c quark for F+S is given by 

(c — > dud) D+ ^(n°,r 1 ,p ,u>),(7r + ,p+) 

BR F E + S = 2.1023 x 10~ 2 , 



decays of D mesons. In this model we added de- 
cays of channel hadronic decays of D mesons. For 
colour favoured and suppressed we consider the chan- 
nel c — > dud (e.g. D + — > 7r°7r + )and achieved theo- 
retical values very close to experimental ones. Finally 
it has been shown the case, in which the theoretical 
values are better than the amplitude of all the decay 
rates have been calculated. In table 1 (below) it must 
be noted that columns 2 and 4 have to be multiplied 
by 10~ 15 and columns 3 and 5 should be multiplied by 
10~ 3 . 



Process 




BReh 


r F+S 
1 EH 


BH EH 


c - 


■> dud 


31.689 


32.12 


35.611 


31.262 


c - 


-> dus 


1.0785 


1.093 


1.4608 


1.2824 


c - 


-> sud 


409.44 


414.95 


554.45 


486.74 


c - 


-> sus 


23.836 


24.157 


26.927 


23.638 



Table 1 : Decay rates(r)and Branching Ratio (BR) of 
Effective Hamiltonian (EH) and F+S of effective 
hamiltonian of c quark. 
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(c — > sud) 



D+ -> (ir + ,p + ),(K Q ,K* 



References 



BR^+ S = 51.2871 x 10~ 2 , 



(c — > sus) 



D+ ->(t, ,<P),(K+,K* + ) 



BR F E + S = 3.8671 x 10~ 2 . 



6. Conclusion 

We used Effective Hamiltonian theory and specta- 
tor quark model for c quark and calculated hadronic 
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